® 



® 



J 



Europttlsche3 Patentemt 
Euro{>oan Patent Office 
Office eioopden des brevets 



I 



0 PubGcation number 
EUROPEAN PATENT APPLICATION 



0 515 133 A2 



^ Appucaifon numDer: 923U45(n.7 
@ Date of filino: 19106.92 


UUilvl J/^, oUor //Uol, 
G01T 1/06 


@ Priority: 20.05w91 US 702888 


@ Inventor Neckera, Douglas C 


09.09.91 US 766611 


108 Secor Woods Lane 


07.10.91 US 772103 


Perrysburg, Ohio 43551<US) 


@ Date of put){iC8tion of application: 


Inventon Shi, JIanmIn 


214 Napoleon Road, ApL14 


25.11.92 Bulletin 92/48 


Bowling Green, Ohio 43402(US) 


@ Designated Contracting States: 




BE CH DE FR GB rr U NL $E 


0 Representative: Deans, Michael John Percy 


0 AppScant SPECTRA GROUP UMITED INC 


Uoyd Wise, Tregear ft 00- Norman House 


1722 Indian Wood drcle, Suite H 


105-109 Strand 


MaumeOiOhlo 43537(US) 


London WC2R OAE(GB) 



@ Fluorone and pyronin Y derivatives. 

0 A novel class of compounds is described, certain members of which are useful es fluorescers or as 
photoinHiators. The compounds have the general stnictures (I) (If) (III) or (IV): 
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alkyl. eryl, alk ny!. alkynyl. dichlorotriazlnylamino, and electron withdrawing groups (EWG) which are stronger 
electron withdrawing groups than a phenyl group or a halogen-substituted or a carboxyt-sulxstiluled phenyl 
group: X is om^ suHur. selenium, tellurium or >C = 0 and preferat)ly oxygen: Z Is a counter ion: R Is 
hydrogen, alkyl. aryl or aralkyi: R"-R** are the same or different and represent a hydrogen atom or a halogen 
atom; and R'' Is a hydrogen atom or a group of the formula -OR*. 

The compounds of fbnnula (I) and (II) may be substituted or unsubstltuted at the 2. 4. 5 and 7 positions. 
VVhen the 2, 4, 5 and 7 positions are unsubstitutad, A cannot be hydrogen or methyl. 
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TTie present invention relates to a novel dass of compounds, examples of which are useful as 
fluorescers or as photoinitlators. 

Examples of our compounds described In more detail below have the general structures (I) (II) (III) or 
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(IV) 

00 where A Is selected from hydrogen. 

alkyi, aryl. alkenyl, alkynyt, dichtorotriazinylamino, and electron withdrawing groups (EWG) which are 
stronger electron withdrawing groups than a phenyl group or a haIogen*8ut>st!tuted or a cart)oxyi-sut)stituted 
phenyl group; X is oxygen, sutfur, selenium, tellurium or >C =0 and preferat>ty oxygen; Z is a counter Ion: R 
Is hydrogen. aJkyi. aryl or aralkyi; R^^-R^^ are the same or different and represent a hydrogen atom or a 

36 hak)gen atom; and H^' is a hydrogen atom or a group of the formula *OR*. 

The compounds of formula (0 and (II) may be substituted or unsubstituted at the 2. 4. 5 and 7 positions. 
When the 2, 4, 5 and 7 positions are unsubstituted, A cannot be hydrogen or methyl. In one embodiment 
the compound is substituted at A or the 2. 4. 5 or 7 position with a functional group useful in Dnldng the 
compound to an antibody or a ligand analog for use in immunoassays. In another embodiment the 

40 compounds are substituted with oleophilic moieties which make the compounds sdubte in oil and useful as 
fluorescent dyes for oil teak detection. In another embodiment, the 2, 4. 5 and 7 positions may be 
substituted by bromine or iodine atoms as in formulas (III) and (iV) to provide compounds useful as 
photolnttlators. 

Depending upon structure and substitution, specific examples of our compounds absorb visible light or 
45 infrared radiation and fluoresce or generate free radicals. As contrasted with conventional fluorescein dyes, 
the addftlon of the A substituent and, more particulafly, the stronger EWG at the 0 position extends the 
wavelength of maximum absorption approximately 100 nm to longer wavelengths. 

In accordance with a first aspect of the present invention, we provide a compound of the formula: 
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where A is hydrogen, alkyl. aJkenyl, aikynyl, dichtorotriazinytamino, or an electron withdrawing group 
(EWG) which is more strongly electron withdrawing than a phenyl or a substituted phenyl groi^, W and W* 
are lospedively selected from O and 0", or NRz and R is hydrogen, lower all^l, aralkyt, or aryl, and 
Z is a hydrogen atom or a coumer ion. and the compound may be substituted or unsid)stitutBd at the 2. 4, 5 
5 and 7 positions, provided that when A is hydrogen or metiyl. the compound is substitutod at at least one of 
the 2, 4, 5 and 7 positlor«. 

A preferred group of our compounds are those represented by the formula (V): 




20 

where EWG Is an electron withdrawing group selected from COOR« COR^ 0(0)OCOR. CONR2, CN. NO2, 
NCS. NCO. SOiP^ SO3B. S02NR2, CXs; R is hydrogen, alkyl. aryl, or aralkyt; X can be the same or 
different and Is a halogen atom; W and W are O and 0- or NR2 + and NRz where R is defined as above; 
R^-R* may be the same or different and are selected from hydrogen, halogen, alkyl, alkenyt, aryl, aralkyi, 
26 alkaryl. SO3R. SO2RS. NO2. NCO. NCS, (CH2).NC0. (Ob^NCS. CN. (CH2VCN. (CK2)„C00F^. 

(CH2)nC0NR9. (CH2X1X. (CH2)nNR3; where n is 1 to 6. and R^ and R" may combine to fomn a 10 to 12 
membered ring; and R^ Is hydrogen, alkyl, aryl. aralkyi, M-imkto such as N-sucdnlmkto and N-malolmkto. 
or NRi. Still more specifically, examples of our compouncte may be represented by the fbmnulas VI and Vlt. 
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(VH) 



where R* and R'^-R^*^ are defined as above. 

When R^ is N-imtdo or NR? the compounds are esters of N-hydroxyimkfes such as N-hydroxysuc- 
45 cinimides or N-hydroxyamines. Typically. R^ and R^ are the same and and R* are the same. 

For use in immunoBssays, at least one of R^-R* preferably includes a functional group such as an 
amino group, a carfooxyl group, a sulfinyl group, a sulfonyl group, an isocyanato group, an isothiocyanato 
group, a halogen atom. etc. which enables the dye to be coupled with a ligand analog, an antibody or 
similar substrate. 

60 For use in oil teak detection. R^-R* may be selected to give the dye a desired degree of oil solubility. 
The addition or alkyl groups at the 2 and 7 posttlons extends absorption In the red at least an additional 20 
nm, increases the fluorescence quantum yield, and decreases the bleaching rate. 

For use as a photoinitiator. at least one of the R*^-R^^ must be hatogen. Examples of halogen atoms 
represented by R^^-R^^ are chlorine, bromine and iodine. In one embodiment R^^-R^' In formula (VI) and 
S5 R"-R** in formula (Vll) are the same and represent bromine or todine. In another embodiment R** and R'* 
in formula (Vll) and R** and R^^ in formula (VI) are halogen and the balance of R^^-R*^ ar hydrogen. 

Examples of specific photolnitiators in accordance with the present invention 
include 5.7-diiodo-3-methoxy-6-fluorone. 2,4.5,7-tetraiodo-3-hydroxy-6-fluorone. 2,4,5,7-totrabromo-3- 
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hydroxy-6-fluorone, 9-cyano-3-hydfoxy-2,4,5,7-tBtraiodo-6-fluoron8. and 9-cyano-3-hydraxy-2,4,5,7- 
letrabromo-3-hydroxy-6-fluoron8. 

To exhibit fluorescence, the compounds must be ionized, bi another embodiment. or R* includes a 
moiety which produces intramolecular ionization of the compound at W/W. 
s TTius, in a second and alternative aspect of the present invention, there is provided 

a compound of the formula (111) or (fV) 



to 



15 




20 where X is oxygen, sulfur, selenium, tellurium, or C=0. A is hydrogen, alkenyl. aryt. or an electron 
withdrawing group selected from quaternary amino, 
nrtro. nitroso, cyano. -SOaR*. -SOjR*. halogen, 
trihalomomyl. -CHO. carbamoyl, sulfamoyl. sulfinyl and -COOR' 

where R' Is hydrogen, alky I, aryl. or aralkyi; and R"-R^* are the same or different and represent a 
26 hydrogen or a halogen atom: and R^' is a hydrogen atom or an -OR' group. 
The invention provides, according to a third alternative aspect thereof, 

a composition for detecting oil lealcage comprising an oil vehide and a fluorescent dye. characterised in 
that said dye is a compound of the formula: 



90 



36 



EKG 




where EW6 is an electron withdrawing group which is more strongly electron withdravinng than a phenyl or 
a halogen or carboxyl substituted phenyl group, W and W are 0 and 0~ or NR2 and 
NR2, R is hy(}rogen, alicyt, arailcyl. or aryl. Z is a hydrogen atom or a counter ion, and the compound is 
substituted with an oleophilic moiety at at least one of the 2. 4, 5 and 7 positions. 

In accordance with the more preferred embodiments of the Invention, the compounds are represented 
by the formula (VIIQ and (IX): 
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ENG 




N(CH3)2 
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The invention also provides tracers useful in imrnunoassays of the formula (X): 



5 




W 



ro 



(X) 



where Y is a Hnkir^ group and A* is a ligand-analog as defined in U.S. Patent 4^5,662 or an antibody, and 
fs EWG, W and Vf are defined as above. The disclosure of U.S. Patent 4,585,862 is to be regarded as 
incorporated herein by reference. 

In accordance, therefore, with a yet hjrther alternative aspect of this invention, we provide 

a compound of the formula (X): 

20 A 



30 where A is selected from hydrogen, 

alkenyi, alkynyl, dichlorotriazlnylamino, COOR, COR?, C0NR2, qO)OCOR, CN, NO2. NCS, NCO, SQzR^, 
SO3R. S02NR2, CX3 where R is hydrogen, alkyl. aryt, or aralkyi and X may be the same or different and is 
a halogen atom: W and W are selected from either 0 and O. or NRs 4- and NB2; is hydrogen, alkyl. 
aryl, aralkyi, N-fmido or NR2; and A* represents a ligand-analog or an antibody and Y is a linking group and 

36 the A'(Y) moiety may be at one of the 2. 4, 5, 7 or 9 positrana arxl the balance of those positions may be 
substituted or unsubstituted. 

In one embodiment, the Snking group Y is the divalent analog of one of the aforesakf functional R^-R* 
groups. Particularly useful linking groups include an oxalyl group, a sutfonyt group, a hydroxyimido group, 
or a carboamklosuffonyl group. In another embodiment the antibody or ligand-analog may be linked to the 

40 tricyclic nucleus via the moiety X* in formula (VII) bebw. In still another embodiment Gnkage may be via the 
A moiety at the 9-position. One compound which may be useful in inununoassays is substituted by 
hydrogen at the 9-positlon and cyano. isocyanato or isothkxyanato at one of the 2. 4, 5 and 7 positions. 

Representative examples of alkyl groups represented by R and R*-R^ are straight chain, branched 
chain and cyclic alkyl groups having 1 to 10 carbon atoms. 

45 Representative examples of aryl groups represented by R and R^-f^ Include phenyl groups wTtich may 
be unsubstituted or substihited by alkyl, (CHz)p COOR, {CHz)^ (CHz)pNRi, where R and X are defined as 
above and p is 0 to 6. 

Representative examples of aralkyi groups represented by R^-R^ include aralkyi groups containing 7 to 
20 carbon atoms such as benzyl, phenethyl, etc. 
60 Representative examples of alkaryi groups include alkaryl groups containing 7 to 20 carbon atoms such 
as phenyl substituted at the ortno or ^ra position by a straight chain or branched chain alkyl group having 
1 to 6 carbon atoms. 

Representathfe examples of alkenyl groups represented by EWG or R^-lf^ include alkenyl groups 
having 2 to 10 carbon atoms such as vinyl, allyl, l-propenyl, l-butenyl and 1,3-but8dienyl. 
55 Repr sentative examples of alkynyl groups repres nted by EWG Include aOcynyf groups having up to 
10 carbon atoms such as 1-propynyl. l-butynyl, tc. 

Representative examples of th halogen atoms represented by X or R'-R* artd R"-R^* indude fluorine. 
chk>rtne. bromine and iodine and preferably fluorine or chlorine in the case of fluorescers and bromine or 
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iodine in the case of photoinitiators. 

When and combine to form a ring, one class of such compounds can be represented by the 
formula X). 



£WG 



(XX) 



10 



15 




20 



26 



30 



36 



Where EWG. and are defined as above, n is 2 or 3. and is NH. Nff , 0. PR^ CHR^ where R* has 
the same definition as R'-R* but can be the same as or different from R^-R* and may additionally represent 
dichlorotriazinyl. For intramolecular ionization at least one of R^-B* will have a basic functional group when 
W/V\r is OfOr and have an acid functional group when W/W is NRa 4>/NR2. Bcamples of such moieties are 
acetyl and amino groups. 

Representative examples of the counter ion represented by Z include chloridBp bromide, todide, 
perchlorate when Z is en anion and monovalent ions such as K*. Ma*, ammortium. phosphonium, etc. when 
Z is a cation. When WW is 0/0"", Z may be hydrogen. 

Examples of our compounds have been found to absorb at wavelengths greater than 550 nm and 
preferably greater than 580 nm. In most compounds, these longer wavelengths of maximum absorption are 
believed to be attributed to ttie presence of a strong EWG like cyano at the B-posltloa This effect is 
illustrated in the following table for compounds of the tonnuia V wherein the substituents are as defined in 
the following Table: 
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In more preferred embodiments, the compounds absorb strongly in the range of 650-700 nm. 
Compounds of the fonnula (II) can tse obtained from 2;P.4.4'-tetrahydraxybenzophenone using the 
following Reaction Scheme 1: 
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Reaction Scheme I 
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Totralodo and tetrabromo hydroxfluorones can Da obtained from 3.6-dlhydroxyxamhane by me Wlowtng 
Reaction Scheme 2: 
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Reaction schema Z 




20 

Synthesis Example 1 
3,6-Dihydfoxyxenthono 

2$ 22'.4.4M8trahydroxyben2ophenone (2.5 g, 10.15 mmol.) was heated in 20 ml of water al 195* C-200* C 
for 4 hours (Aldhch pressure tube). After cooling, the cmde product was filtered off and mixed with 25 ml of 
water. The resultbig suspension was refluxed for 125 min. and filtered at about 00* C. Pure product 3,6- 
dihydroxyxanthone 2.15 g was obtained in 80.4% yield, tt did not below 330* C. HNMR (DMSO): 
10.7B0(s^, 7^83(d,2H.J=a6 Hz). 6,822(m.4H). MS: 228. 200. 171. 115, 100. 69. SS. 

00 

Synthesis Example 2 

3.6- 4)ihydroxyxanthane 

36 To a suspension of 3.6-dihydroxyxamhone (48 g, 201 mmol.) In1.6 L of THF was added over 1 hr. 800 
ml of borana-tetrahydrofuran complex (t.O M In THF. caution very vigorous reaction at beginning). This 
mixture was stirred overnight under argon at room temperature to give a dear yellow solution. The excess 
diborane was decomposed by careful addition of water followed by IN HQ to give a dear yellow adutioa 
The tetrahydrofuran was removed by rotary evaporation and the resulting solid filtered, washed with water 

40 and redissolved in 10% NaOH. This solution was fittered. cooled and repredpHated with slow addition of 
HCI to give a yellow solid which was filtered, washed with water and dried under vacuum to give 40.14 g 
(93%. mp 207-208) of 3.6-dIhydroxyxanthane. H^NMR (DMSO);9.4t (s. 2H); 6.87 (d. 2H, J =8.4 Hz). 6.4 (dd. 
2H, J = 6.4.2.4 Hz), 6.39 (d. 2H, J = i4Hz). 3.765 (S, 2H). 

45 Synthesis Example 3 
3>Hydroxy^fluorone 

To a solution of 3,8-dihydroxyxanthane (2.14 g 10 mmol) obtained as in example 2 in GO ml of ethanol 
60 at 25*C was added DDQ (2.78 g, 12 mmol). The reaction mixture was stirred for 8 hours at room 
temperature. The yellow precipitate was filtered off and washed with ethanol. 3-Hydroxy-^tluorone (1.9 g) 
was obtained in 80% yield. NMR (DMSO):8J203 {s,1H). 7589 (d.2H. J=8.6H2). 6.859 {d,2H, J=9.2 Hz), 
6.478 (s. 2H). xmax - 500 nm (MeOH). 

55 Synthesis Example 4 

2.7- DI-t-butyl'3-hydroxy'6-fluorone 
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8.0 ml of 15-18% fuming sulfuric acid was added dropwise to 3,6-dihydPoxy)anthan8 (10.7 g, 50 mmol.) 
In 50.0 ml of 2-m©thyh2-propam)l. The mixture was stirred for 30 minutes and then healed to reflux tor one 
hour. Thereafter 15X) ml of 2-methyl-2-propanol was added and the solution was reftuxed for another 2S 
hours. Upon cooling, the precipitate which fomned was filtered and washed with water. 2,7-di-t-t)iJtyl-3- 
5 hydroxy-6-fluorone (15.8 g) was obtained in 97.5% yield. HNMR(DMSO): 9.11(s.1H). 7.89(s^H). 7.05(s. 2H). 
1.43(5. 18H). 



Synthesis Exarrtple 5 



10 2.7-Di-t-bulyM.S-<1iiodQ-34iydroxy-6-fluorone 

Iodic add {352 mg, 2.0 mmol) dissolved in a minimum amount of water was added dropwise to a 
solution of 1.62 9 (5.0 mmol.) of 2,7-di-t4>utyl-3-hydrQxy-6-fluorone and 1.27 g (10.0 mmol) of iodme in 50 
ml of absolute ethanol at 0* C. This mixture was stirred over two hours then 50 ml of cool water was added. 
15 The precipitate which fonned was filtered and washed with a small amount of ethanol. 2,7-di-t-butyl-yield. 
HNMR (DM80): 8.21 (s,1H). 7.55(s.2H), 1.38(s,iaH). 

Synthesis B(ampte 6 

20 2.7'DK-butyl-4.5^isutfurnyl-3-hydroxy-6-tluorone 



Fuming sulfuric acid (3.0 ml of 15-18%) was added dropwise to 2.7-di-t-butyl-3-hydroxy-6-fluon)ne (1.6 

g. 4.9 mntwl.). The mixture was stirred until the compound dissolved it was slowly wanmed to 4O-50-C for 
half hour. Ice (10-15 g) was carefully added to the resulting mixture at 0«C with stirring. The precipitate 
2S which formed was fiftered arxj 27-di-t>butyM.5-disulfurnyl-3-hydrDxy-6-fluorone (1.72 g) was obtained in 
72% yield. HNMR (DMSO): 9.7(s.1H). 8.17(8;2H). 1.40{s,18H). 



Synthesis Example 7 

30 3.6-Pihydroxy'4>dliodoxanthane. 

To a suspension of 3.6-dihydroxy-4.5-diiodoxanthone (9.6 g, 20.0 mmol) in 100 ml of THF was added 
40 ml of boran-telrahydrofuran complex (1.0 M in TMF) at room temperature under nitrogen. After stimng 
for 5 hours at r.t, the reaction mixture was quenched by adding 20.0 ml of 0.5 N HCI. After stirring for 30 
3$ minutes the solvent was rerrwvad. The residue was filtered and the precipitate was dissolved in ttie 0.1 N 
NaOH solution. This basic solution was filtered and acidified with 0.5 N HCI. The yellow solid product which 
fonned was filtered. d.O-dihydroxy-A^a^iiodoxanthdne (9.2 g, 86.6%) was obtained. HNMR (DMSO): 103&- 
(8 J!H). 2.05 (d^H, J = 6.3 Hz), 6.67(d.2H. J « 7.8 Hz). 3.88(8.2H). 



40 Synthesis Example 8 

4.5'DiiodO'3-hydroxy-6'fluorone . 

To a solution of 3,6*dihydroxy-4.5-diiodoxanthane (233 mg 0.5 mmol) in 10 ml of ethanol at 25.C was 
45 added 2.3^ichtoro-5,6-dicyano-1.4-benzoquinone (DDQ) (113 mg. 0.5 mmol). The reaction mixture was 
stirred for 4 hours at room temperature. The yellow precipitate was filtered and washed with ethanol. 4,5- 
Diiodo^-hydroxy-e-ftuorone (180 mg) was obtained in 77.6% yield. HNMR pMSO): 8^2(s.1H). 7.68(d2H. 
J» 8.8 Hz). 6.84(d.2H. J = 8.3 Hz). 



60 Synthesis Example 10 

General procedure for preparation of 9-cyano substituted xanthene derlvatfves : 

Potassium cyanide (2.0 mmol) was added to e solution of a 0-hydrogen substituted xanthene (1.0 
S5 mmol) in 5.0 ml of DMF. The reaction was monitored by the visible absorption spectnim until the starting 
material was completely consumed. The reaction solution was treated with 4:1 hexanecdichloromelhane after 
which the precipitate which formed was tittered, dried and treated with 5% HCI and washed with water. 9- 
Cyano substituted ftuorone derivatives were obtained in 80-95% yield. Analytically pure compounds were 
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isolated by TLC separation. 



Compound 


HNMR (DMSO) 


9<:yano-3-hydroxy-6-fluorDn9 

9-Cyano-2.4.5.7-tetra-t'butyl-3-hydroxy-6-fIuofone 

9-Cyano-2.4,5.7-t0tfalodO'3-hydroxy-6-fluofono 

9-Cyano-4.5-diiodo-3-hydroxy'e-fluoronB 

8-Cy8no-2,7-DM-botyl-3-hydroxy-6-fluororTO 
0-Cyano-2,7'KiM-bUtyl-4;SKliiodo-3-hydroxy-6-fluoron 


7.28(d^H, J»924 Hz). 628 (dd^H. 
Js9.24. 1^2 Hz). 5^ (d,2H. Jsl^ Hz) 

7.79(s^H) 
8.01(s;2H) 

7.3B(d^H. J=92 Hz). 6.46 (d.2H. J=92 

Hz) 

7.41(s^H),1^7(s.18H) 
7.28(S.2H).134{s,18H) 



fO 



15 



20 
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Synthesis Example 11 

2.4.5.7-Tetratodo-3"hydfoxy-6-fluorone (TIHF) 

Iodic acW (16.4 g, 93 mmol) dissolved In a minimum amount of water (aj^. 1 ml per gram) was added 
dropvfiso over 20 min. to a solution of 10 g (46.7 mmoO of 3.6-dihydroxyxanthane and 29.8 9 (116 mmol) of 
Iodine In 1 L of absolute ethanol. Ttils mixture was stirred over two hours during which the dark brown 
solution slowly turned a red orange as the solid Initiator precipitated. Tbe mixture was then wamied for an 
hour at 60*C. After cooling, the mixture was filtered, washed with water and ethanol and the crude sold 
tritiated with absolute ethanol and reflltered to give, after drying under vacuum. 29 9 (87%) of a red solid 
(K=536 nm In ethanol) NMR (DMSO) 8.31 (5, 2H), a07 (S, 1H). 

Synthesis Example 12 

2,4,4J«Tetrabromo-3-hydroxy-6-fluorone (TBHF) 

To a solution of 3.6-dihydroxyxdnthane (4.28 g 20 mmol) in 150 ml of ethanol was added sodium 
hydroxide solution (43 g. 120 mmol in 10 ml of HzO). The solution was cooted to O^C then Br2 (22.4 g, 140 
mmol) was slowly added. After addition, the reaction mixture was stirred for 8 hrs. at room temperature. 
Precipitate was filtered off and washed with ethanol. 2.4.5.7-tBtrabromo^ydroxy-6^Iuorone (8.6 g 903%) 
was obtained. NMR (DMSO) 8.309 (s. 1H). 8244 (s» 28, Xmax=526 nm (methanol). 

tn the table below, the properties of the foregoing initiators are shown: 



40 



50 



Compound 


a 

max f 


f pKa 


Eox 


Bred 


phos 


HF 


S00,504r490 506,513 


.95^ 5.97 


1.34 


-.99 




TBHF 


526,530,516 539 


.52 3.28 


1.099 


-.95 




TIHF 


532,536.526 544,549 


.13 4.08 


1.04 


-.95 


676 


Entries 


in the table are in 


the solvents 


according to 


the 



following order. 

a. MeOH, EtOH, 10% MeOH/90% water 

b. MeOH, EtOH 
C. 10-^ M 



Synthesis Example 13 
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2.4>S,7'Tetraiodo-^yanO'3-hydroxy-6-tluoron9 

Potassium cyanide (1.175 g, 18.0 mmol) was added to a solution of TIHF (10.74 q 15.0 mmo!) in 100 ml 
of DMF. Tfie reaction vfas monitored by its visible spectmm until alt of the TIHF was consumed. The 
5 solvent was removed with a vacuum pump at room temperature and the residue was treated with 1:1 
hexano/dichloromethane. The precipitate was filtered, dried and treated with 1B% HCI then washed with 
water. 2,4.5.7-letralodo-9-cyano-34iydroxy-e-fluorone (10.60 gh) was obtained (975). HNMR (DMSO):8.005- 
(2H,3) max (ElOH = 638 nm). 

fo Synthesis Example 14 

6-HydfDxy^-methaxyxanthone 

7.0 g (30.7 mmol) of 3,6-dihydroxyxanlhone is dissolved In aq. NAOH (2.5 g (62.5 mmol) In 200 mis 
15 HzO). 3.2 mis (33-6 mmol) of dimethysutfale is added dropwiso with stirring, and solid forms immediately 
upon completion. Stirred further 1 hour and heated to reflux for 15 minutes. Additional base is added to 
insure complete solubility of phenols. Filtration yields 1^. Solution is acidified with HC^. and filtration yields a 
mixture of staring mateiial and 4. Solid is heated to reflux in about 200 mis ethanol for 15 minutes to 
dissolving starting material, and solid is filtered out. washing with ethanol and water. This may have to be 
20 repeated severe times to obtain pure 4 in about 50% yield; mp »303^30&€.NMR (200 MH, in d-DMSO) s 
3.89 (3H,s). 6.82 (1H/J,J=224 H^, SB7 (1H.m). 6.89 (1H.dd,J=B.78 H,. 2.20 HJ. 7.09 (1HAJ-2.26HJ. 
7.99 (1H.dJ = 8.62H,). 8.03 (1H.d.J=8H,). 

Synthesis Example IS 
26 ~ 

6'HydfDxy-3-methoxyxanthane 

To a solution of 4.0 g (16.5 mmol) of 4 in ISO mis of anhydrous THF under nitrogan is added with 
stirring 41 mis (41 mmol) of 1 M BHa in THF. Reaction mixture is stirred overnight at room temperature. 
30 Solvent Is stripped and flask washed out with aq. NaOH, dissolving product completely. After fUtration to 
remove Impurities, the solution is acidified, filtered and washed with water to yield 3.73 g (99%) of yeBow 5. 
NMR (200 MH^ in d-DMSO) s 3.72 (3H.s), 3.82 (2H,s). 6.46 (2H.M). 6.63 (2Hnf»). 7.00 {1H.d.J=6.12Hi). 7.10 
(1H.d.J = 9.46 Hi) MS: 227^12.1 97.1 84. 12a 

3S Synthesis Example 16 

5,7-DilodO'3-mqthoxy-6-fluorone 

To a solution of 228 g (1 mmol) of 5 and .508 g (4 mmol) of iodine in 20 mis of ethanol, .211 g (1.2 
40 mmol) of iodic add in minimum water is added dropwise with stinging 1 hour at room temperature then 
warmed to S • C for 15 minutes. Filtralion and washing with ethanol and water yields .44 g (92%) of orange 
6. NMR (200 MH, in d-DMSO) s 3.96 (3H.s). 7.10 (1H.dd.J=8.72 H,. 2.38 H,). 7.19 (1H,d>2.38), 7.86 
('lH,d,J = a74HJ. a35 (1H,S), a46 (1H,S). MS: 478,450,351,323,180.181,125. 

As the foregoing examples and Reaction Scheme 1 illustrate, the 2- and 7- positions can be 
4$ functlonalized by an electrophilic substitution reaction. Subsequently, the 9-position is functionalized tjy a 
1,6-con|ugBted addition reaction followed by autoxidation. See for example compounds 8 and 8 in Reaction 
Scheme 1. Introduction of functional groups at the 4 and 5 positions may also be accomplished by 
electrophilic substitution. From 2.7-di-t-butyl-3-hydroxy-6-fluorone, compound 5 in Reaction Scheme 1, 2,7- 
di-t-butyl-3-hydroxy-4,5^llodo-6-fluorone can be prepared by reaction with Iodine and HlOa. 2.7-DI-t-butyl- 
60 3-hydroxy-4.5-disulfumyl-6-fluoronB can be prepared from compound 5 by reaction with 15-18% fuming 
sulfuric acW. Each ot these derivatives can be reacted with KCN In DMF using the procedure of Synthesis 
Bcample 10 to yield the corresponding 9-cyano derivative. 

The 4- and 5-posKions can also be functionalized as shown in fraction Scheme 3. 

55 



12 



EP0 616133A2 



Reaction Scheme 3 




I, HIO. 
EtOH 




Many other 4,5 derivallves can b© prepared from 3-hydroxy-4,5-driodo-6-fluorone (DIHF) which can be 
prepared as shown in Reaction Scheme A l>elow: 
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Reaction Scheme 4 



9 . 



10 



20 




36 



CcOB 



Compounds of the genaral formula (IX) may be obtained by aminomethylation of the corresponding 
fluorone followed by fundionaltzation of the 9-po8Hion or by functionafization of the foltowing compound 
using reactiona which are analogous to those shown In f^eaction Scheme 1 for the fluorones. 




Compounds of the formula XI can be prepared by the foltowing Reaction Scheme 5: 



60 
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Reaction Scheme 5 




A proposed synthesis for 9-trifluoromethyi derivatives is provided in Reaction Scheme 6: 
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Reaction Scheme 6 



Ally! bromide 
K2CO3 



0 

lAll 
|PMF 



TBAP 
TOP 





When R' is H in formulas lit and IV. the compounds are herein referred to as dehydroxRuorones. A 
proposed synthetic route for dehydroxyfluoronee is shown in Reaction Scheme 6. 
Examples o! such compounds are shown below: 
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Bu-t 
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20 



90 



40 



t-Bo 



t-Bu 



t-8u 




t-Bu 



t*Bu 



t-BO 



45 



60 
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COMPOUND E 




COMPOUND P 




55 Bcample 1 

The following compositions were prepared: 
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Composition 1 


TMPTA 


90g 


MVP 


lOg 


TIHF 


3.6 mg 


NPG 


75 mg 



Composition 2 


DPHPA 


87g 


NVP 


13g 


NPG 


3.6 mg 


TIHF 


75 mg 



Composition 3 


DPHPA 


306 


NVP 


10 0 


TIHF 


3.6 mg 


NPG 


75 mg 


TMPTA 


20 g 


Ebecryt 370 (bisphenol Adiacrylate) 


- 4oz 



Composition 4 


NVP 


lOg 


TIHF 


3.6 mg 


NPG 


75 mg 


Tetraothylene glycol diacrylata 


90g 



36 

Results 

Each compositk>n was placed in a test tite and exposed to a broad band light source. The 

40 composiBons all cured rapidly. 

Examples of our compounds are useful in many of the same applications as conventional photoinitiators 
and fluorescent dyes. In particular, they are useful as a sulJStitutB for fluorescein dyes and other fluorescent 
agents In Immunoassays and still more particularly In polarization Immunoassays of the type described In 
U.S. Palant 4,585.862. The compounds are advantageous because they absorb at much longer wavelengths 

45 than comrentlonal fluorescers and this enables the use of inexpensive lasers such as He/Ne lasers to excite 
the compounds. Furthermore, because of their long absorption waveleng^s, ft may be possible to perfoim 
immunoassays on whole Wood using these compounds. Presently, it is generally necessary to remove the 
blood cells from the blood in order to prevent them from ab3ort>ing the excttafa'on energy. 

Examples of our compounds are also useful as fluorescent oil additives for use in engine leak detection. 

60 Presently, the fluorescent dyes used in this process require the use of high powered lamps to excite the 
dye and In order to produce a sufflclem level of fluorescence to detect oil leakage due to the competing 
absorption of the oil and the oil additives. Because of our compounds absort) at longer wavelengths, less 
competing absorption is encountered and lower power light sources can be used to detect oil leakage. The 
other components of the oil do not compete as much for the light at longer wavelengths. A particularly 

55 preferred fluorescer for use In leak detection is 2.7-dK-butyl-3-hydroxy-6-fIuoron , Compound Na 5 In 
Reaction Scheme 1 above. 

A particularly useful dass of fluorescers are compounds of the fonnula IV in which R' and R^ are 
substituted and and R* are hydrogen. For use in immunoassay, ionic moieties can be added to the 
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compounds to enhance th ir water solubility. However, in the fluorescent compounds R**R* are usually not 
a heavy atom such as bromine or iodme. Ruorescence has not been observed with the latter compounds. 
However, they are effective photoinitiators. As a general rule in order to achieve ftuorescenc , the 
compound must be Ionized. In nonpolar media such as oils, it may be necessary to indude a functional 

s group in R*-R^ which Interacts with VWW* to produce intramolecular Ionization. 

Hie fiuorone initiators are preferably used in combination with a coinitialor. Useful ooinitiators can be 
selected from among those known in the art and. more particularly, from known electron donating 
colnitiators. N-phenylglycine (NPG) is a wen known and preferred cotnltiator. Examples of other useful 
electron donating colnitiators are discussed in Eaton, DP.. "Dye Sensitized Photopolymerfzation". Advances 

10 in Photochemistry. Vol. 13. pp. 427-436. Also useful are N.N-dialkylanilines and other tertiary amines such 
as diethanolamlne, triethanolamine, and arytsulfinates. 

Dialkylanilines appear to functton as autoxidizers and are preferably used in combination vidth an 
electron donor such as NPQ. Representative examples of useful N,N-dialkylanilines are 4<yano-N,N- 
dlmethylanillne, 4-acetyl-N,N-dlmethytaniIine. 4-bmmo-N.N-dimethylaniline, 4-methyl-N.N-dimethylaniiine. 4- 

15 ethoxy-N,rfdimethyl3niline, N,N-dlmethylthioanicidine, 4-amino-N,N-dimethylanirine, 3^hydr<»cy-N, N- 
dimethylanillne. fiN.N'N'-tetramethyl-l ,4-dianiIine. 4-acetamido-N,N-dimethylaniline, 2.Miethyl-N.N- 
dimethylanillne. N.N^.4.6-pentamethyl aniline (PMA) and p-t-butyi-N.N-dimethylaniline. 

Certain other tertiary amines are also useful coinftiators including trielhylamine, triethanolamine, etc. 
Another class of useful colnitiators is alkyl borate salts such as ammonium and pyridlnium salts of 

20 borate anions of the formula BR^'R^^rmrzi ^j^^^q R^s.ppi independently selected from the group 
consisting , of alkyl, aryt, alkaryl, allyl, aralkyl. alkenyl alkynyl, alk^cllc and saturated or unsaturated 
heterocyclic groups. 

Representative exan^les of alkyl groups represented by B^-W^ are methyl, ethyl, propyl, butyl, pentyl. 
hexyl. octyl, stearyl, etc. The alkyl groups may be substituted, for example, by one or moce hakigen. cyano, 

25 acyloxy, acyl, alkoxy or hydroxy groups. Representative examples of aryl groups represented by R^^-R^' 
include phenyl, naphthyl and substituted aryl groups such as anisyl and alkaryl such as methylphenyl. 
dimethytphenyt. etc. Representative examples of aralkyl groups represented by R^'-R?* Include benzyl. 
Representative aficydic groups include cyctobutyl, cydopentyl, and cydohexyl groups. Examples of an 
aOcynyl group are propynyl and ehtynyl. and exanples of alkenyl groups indude a vinyl group. 

30 Preferably, at least one but not more than three of R'^-R*^ Is an alkyl group. Eadi of R«-R'' can 
contain up to 20 carbon atoms, and they typically contain 1 to 7 carbon atoms. More preferably R^'-f^ are 
a combination of alkyl group(s) and aryl group(s) or aralkyl group(s) and still more preferably a combination 
of three aryl groups and one alkyl group. i.e.. an alkyltriphenylborate. Useful salts are disdosed 'm U.S. 
Patent 4.850.581. 

36 Presently, a combination of N-phenylgiycine (NPQ) and dtisopropyldimethylaniline (DIDMA) is used as 
coinitiator when high speed is required, for example, in a black radiation curable ink. 

The most typical example of a free radical addition pdymertzable or crosslinkable compound with 
which the initiator and ooinitiator are useful is an ethylenically unsaturated compound and. more spedftcally. 
a polyothytenfcally unsaturated compound. These compounds indude both monomers having one or more 

40 ethylenk»lly unsaturated groups, such as vinyl or ally! groups, and pdymers having terminal or pendant 
ethylanic unsaturation. Generally, any unsaturated compound which is convartible to a solid by free radical 
polyn^erization Is useful. Such compounds are well known in the art and include acryric and methaciyllc 
esters of potyhydrtc alcohols such as trimethylolpropane, pentaerythrttol, and the like; and acrylata or 
methacrylate terminated epoxy resins, acrytate or mathacrylate terminated polyesters, etc. Representative 

45 examples indude ethylene glycol diacrylate, ethylene glycol dimethacrylate, trimethylolpropane triacrylate 
(TMPTA), penteerythritol tetramethaciylate, dipentaerythritDl hydroxypentecrylate (DPHPA), h0xanedioh1,6- 
dimethacrylate, hexanediol diacrylate. diethyleneglycol dimethacrylate, dglyddyl ether diacrylate 
(MW=390). trimethylol propane ethoxylate triacrylate. neopentyl glycol propoxylate diacrylate (MW=428). 
Other vinyl compounds such a N-vinyl pyaolldone (NVP) are also useful. The moriomers may be selected 

fio and blended to provide the optimum photographic speed and^or the physical characteristics desired in the 
product. Monomer selection and blending may also be used to Insure adequate solubility of the phototnttla* 
tors. A particularly preferred monomer composition Is 87% DPHPA and 13% NVP. Another preferred 
composition is TMPTA. DPHPA and lslVP> 

It may be desirable to incorporate e sensitizer in the composition to control the sensitivity of the 

55 composition and/or to extend its sensitivity. Useful sensitizers indude those known In the art such as 
anthracene, and its derivatives naphthalene, acetophenone, benzophenone, 2-acelonaphthone. etc. 

Solents may be necessary to dlssolv the photoinitiator H th photoinitiator is not suffid ntly soluble in 
the monomer. Solents may also be used to shift the absorption spectrum to tune the senshivlty of the 
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composition. Sewn exampi s of useful solvents ar N-vinylpyrrolkJone and nitrobenzene. Otier useful 
solvents can be identified readily. 

The nature of the monomer, the amount of the fluorone and coinrUator in photohardenable compositions 
will vary with the particular use of the compositions, the emission characteristics of the exposure sources, 
the development procedures, the physical properties desired in the polymerized product and other factors. 
With this understanding, compositions will generally fall within the following compositional ranges In parts 
by weight (based on 100 parts total). 



Polymertzable compound 


50 to 99.7 


Rug rone 


.02 to .05 


Electron Donor 


0.2 to 1 


Autoxidizer 


0to3 


Sensitizer (optional) 


0.3 to 1 



Compositions may typically have the following formulation: 



Polymerizable compound 


lOg 


Ruorone 


2 mg to 10 mg 


Electron Donor 


20 mgto 100 mg 


Autoxidizer 


Oto 3 g 


Sensitizer (optional) 


20 mgto 100 mg 



The photohardenable compositions can be coated upon a support in a conventional manner and used in 
maldng a photoresisi or in photolithography to fomn an oleophilic polymer image. Development of the 
photohardenable compositions is conducted in en othenwlse known or conventional manner, e.g^ a solvent 
for the unpolymerized monomer may bo used to remove the photohardenable composition In the unex- 
posed areas. 

The composHions can also be encapsulated as described in U.S. Pat Nos. 4.399.200 and 4.440,846 
and used to control the release of an Image-forming agent. The latter processes typically involve image- 
wise exposing the photosensitive layer to actinic radiation and sul>jecting the layer of microcapsules to a 
uniform rupturing force such as pressure. 

The photohardenable composition is also advantageous for use in the three dimensfonal modeling 
process taught in U.S. Pat. 4,575.330 to Hull. Due to the thicker depth of cure that is possible, models may 
be prepared In larger cross-sectional irK«ment8. This should reduce the total time required for the model 
building process. Another advantage which the claimed compounds bring to three dimensional mpdering is 
higher green strength. Depending upon the extinction coefficient, the oompositions and pholosensitive 
materials can be exposed to any source which emits in this range and particulariy an He/Cd laser, or 
mercury arc lamps. 

We also contemplate use of our fluorones in dosimeters and more particularly in dosimeters useful in 
detecting UV, visible and Infrared laser pulses. Because fluorones undergo a color change when a^ed to 
radiation, they may be used to record and provide a quantitative Indication of exposure to actinic radiation. 
For this purpose, they may be dispersed in a compatible binder such as polyvinyl alcohol or polymethyl 
methacrylate and coated upon a support When the color change alone is not sintable for u^ In dosimetry, 
the photohardenable compositions described above may be useful. Exposure of the compositions produces 
a change which is indicative of the type or amount of exposure. 

In addition to being useful in photosensitive materials, the compositions are also useful in a wide variety 
of other applications Including photocurable inks and coatings, photoadheswes, printing plates, printed 
circuit fabrication, and other applications for photohardenable compoations. 

While we have referred to free radical polymertzable composlUons, It is anttoipated that the fluorones 
described herein are also useful in ionically polymerizable compositions and more particulariy cationically 
polymerizable composHions. In this arrangement the fluorones are used with onium salts such as iodonium. 
phosphonium. sulfonium and pyrylium slats. Cationically polymerizable composittons based upon onium 
slats are known in the art as shown In U.S. Patents 434,703 and 4.307.177 to Crivelto, and European 
Application 0 408 227 A1. 

Claims 
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where A is hydrogen. aJkyK alkenyL alkynyl. dichlorotriazinylamino, or an electron withdrawing group- 
(EWG) which Is more strongly otectron withdrawing than a phenyl or a substituted phenyl group. W and 
W are respectively selected from 0 and 0", or NR2 * and 

NR2» R is hydrogen, lower alkyl. aralkyi, or aryi» and Z is a hydrogen atom or a counter ton. and the 
compound may be substituted or unsubstituted at the 2. 4. 5 and 7 positions, provided that when A is 
hydrogen or methyl, the compound is substituted at at feast one of the 2, 4, 5, and 7 positions. 

2. A compound according to Qaim 1. further characterised in that A is selected from hydrogen, alkenyl. 
aikynyt, dichlorotriazinylamino. COOR. COR^ CONRz, C(0)OCOR. CN. NOz. NCS. NCO. SOzR^, 
SOaR. S02NR2. CXa where R is hydrogen, aJkyl. aryl. or araikyt. X is a hatogan atom; and R^ is 
hydrogen, aikyl. aryl. aralkyi. NHmldo or NRz. 

a A compound according to Claim 2. further characterised in that said compound Is rapresentad by the 
fonnula (V): 




whore EWG is an electron withdrawing group consisting of A as defined in Claim 2; R'-R* may be the 
sarrw or different and are selected from hydrogen, halogen, aikyl. alkenyl, aryl. aralkyi. alkaryl. (CHs)- 
„COOR^ (CH2)»CONR2. (CH'X^X. SOaR. SCfeR^. SOzm. NO2. (CHaj^NRa, NCO. NCS. (CHz)„NCO. 
(CH2)nNCS, CN. (CHz)nCN. where n Is 1 to 6, and R' Is R* may combine to form a 10 to 12 membered 
ring; and R? is hydrogen, alkyl. aryl. aralkyi. N-imido or NR2. 

4. A compound acoording to Claim 3, further charederised In that R^ end R? are alkyl groups. 

5. A compound acconling to Cteam 3, further characterised in that R^ and R' are alkyl groups. W is NR2^ 

and W Is f^Rz- 

6. A compound according to Claim 3. further characterised In that R^ and R^ are alkyl groups. W Is O and 
Wis 0-. 

7. A conv)ound according to any of Claims 1. 5 or 6. further characterised in that EWG is CN. 
& A compound according to Claim 3, furth r charact rised in that EWG is CF3. 

9. A compound according to Claim 3. hjrther characterised in that and/or R* indud s a functional 
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group suitable for coupling said compound to a ligand-analog or an antibody. 

ia A compound aocording to Claim 9, furthor charBCtarisad In that said functional group Is COOf^ or HBz* 

5 11. A compound according to Qaim 10. further charactarfsed in thai said funclionai group is oxalyl, 
suKonyl, N-imido or cartxMtmldosuifonyl. 

12. A compound according to Claim 3. further characterised in that at least one of R^-R^ Includes a 
functional group which products intranu>lecular ionization of said compound 

ro 

ia A compound according to Claim 3. further characterised in that A is hydrogen and one of R*-R* is CM. 
NCO, NCS. (CH2).CN, (CH2)nNC0 and (CHzX^NCS where n Is 1 to 6. 

14. A compound according to any preceding claim, further characterised in that said compound fluoresces 
IS upon the absorption of actinic radiation. 

15. A compound according to any of Claims i to 13. wherein said compound is capabte of generating free 
radicals upon absorption of actinic radiation alone or in combination with a cotnltiator. 

20 16u A compound of the formula (X): 



A 



25 




30 . (X) 

wttere A is selected from hydrogen. 

aikenyl, alkynyl. dichlorotriazinylamino. COOR. COff, CONR2. C{0)OCOR. CN, NOs, NCS. NCO, 
36 8Q2R^, 8O3R. SOzNBz. CXa where R is hydrogen, alkyl. aryl, or aralkyl and X may be the same or 
different and Is a halogen atom; W and W are selected from either 0 and 0-. or NR2 and Nf^; R^ is 
. hydrogen, alkyl. aryl, aralkyl, N-imldo or NR2; and A' represents a ligand-analog or an antibody and Y is 
a linking group and the A'(Y) moiety may be at one of the 2, 4. 5. 7 or 9 positions and the balance of 
tfiose positions may be substituted or unsubstituted. 

40 

17. A composition for detscttng oil leakage comprising an oii vahk^le. and a fluorescent dye, characterised 
in that sak] dye is a compound of the fonnula: 



GO 




where EWQ is an electron withdrawing group which is more strongly electron withdrawing than a 
phenyl or a halogen or carboxyl substituted phenyl group, W and W are O end 0~ or NRz* and 
NRz. R is hydrogen, alkyl. aralkyl. or aryl. Z Is a hydrogen atom or a counter ion, and th compound is 
substituted with an oteophilk: moi ty at at least one of th 2. 4. 5 and 7 positions. 

ia A compound of the fonnuta (111) or (IV) 
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where X is oxygen, sulfur, setenlumi tellurium, or C=0. A Is hydrogen. alkenyl» aryt. or «i electron 
wdhdrawing group selected from quaternary amino, 
nftro, nitroso. cyano, -SCbR'. -SOzR', halogen. 
IS trihalomethyl, -CHO. carbamoyl, sulfamoyl. sulfinyl and -COOR' 

where R* is hydrogen, alkyl. aryl, or aralkyi; and R"-R^* are the same or different and represent a 
hydrogen or a halogen atom: and R^' is a hydrogen atom or an -OR* group. 

19. A compound according to Claim 18, further characterised in that said fluorone is represented by the 
20 formula VI 
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20. A compound according to Claim 19. further characterised in that A is hydrogen and R"-R'* are 
bromine. 

21. A compound accord&ig to Claim 19. hirther characterised In that it Is useful as a photdnttiator. 
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